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FOREWORD 


Plywood was produced by the Chinese thousands of years ago and 
is found in the furniture of the ancient Egyptians. Yet it has taken 
modern ingenuity plus engineering and chemical skill to develop a 
product capable of meeting the large-scale but. exacting require- 
ments of today—a product now used on land, in the air, and on the 
seas. 

Such marked advances have been made by the American hardwood 
plywood industry and the scope of uses of plywood so amplified in 
the past few years as to justify this publication. The production of 
hardwood plywood was valued at over $25,000,000 in 1937, according 
to industrial estimates. Making readily available basic information 
on the industry is expected to aid materially in the development and 
promotion of markets both at home and abroad. 

This report was prepared under the general supervision of P. A. 
Hayward, Chief of the Forest Products Division of the Bureau. 
Grateful acknowledgement is made to L. H. Meyer, an authority on 
the plywood industry, for his valuable collaboration. 

James W. Youna, Director, 
Bureau of Foreign and Domestic Commerce. 
June 1940. 
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Figure 1—Radio cabinet beautifully designed Pigs emphasize the figure in the face veneers 
used, 
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Hardwood plywood is the cabinetmaker’s mainstay, the furniture 
designer’s standby, the decorator’s ally, and the architect’s and 
builder’s prop. Hardwood plywood is as much a part of modern life 
as is the bed in which you sleep and the table or desk at which you 
sit. Yet, numerous as are the everyday applications of this product, 
few persons beyond those directly engaged in its production and utili- 
zation are even aware of its presertee, much less of its importance in 
the business and family life of the Nation. 

Only through the utilization of plywood can the radio cabinets 
gracing practically every home in the county be economically pro- 
duced. herever wide surfaces, either flat or curved, are used on fine 
furniture, plywood yields excellent results without sacrifice of dura- 
bility or beauty. This holds true for the top of the small but ex- 
quisitely iat occasional table or of the large, pretentious dining 
table. The unusual and beautiful wood figures characterizing bed- 
stead design could not be produced were it not for this application of 
hardwood plywood. Drawer fronts, also the sides and tops of dress- 
ers and commodes, are usually of plywood. To the furniture industry, 
hardwood plywood is indispensable. The paneled walls used so 
effectively in office buildings, hotel lobbies, and other public places 
are generally of hardwood plywood, as are the cabinets, counters, and 
showcases in our modern stores. 

The extensive use of plywood is based on the three major factors 
of permanence, practicability, and economy of fabrication, as well as 
on the factors of space and weight saving. 

The permanence of plywood is of first importance. By its con- 
struction, plywood overcomes the natural tendency of wood to swell 
and shrink across the grain. Plywood, properly manufactured, can 
be relied upon to render maximum service and dependability. 

The practicability of plywood is evidenced by its widespread 
application. The facility with which panels can be worked, their 
ability to reveal the beauty of face veneers of unusual grain, their 
availability in almost unlimited sizes, and their high structural 
strength, account in large part for their popular use. 

The utilization of wood through the medium of veneer and ply- 
wood manufacture has long been recognized, inasmuch as it i ae 
for close economy in fabrication. Fine figured woods have, since 
time immemorial, appealed to the aesthetic sense of mankind. In 
the form of lumber, the supply of the more valued hardwoods would 
be greatly reduced and perhaps not available in sufficient quantities to 
satisfy the demand—a condition which would raise their cost to a 
place beyond the limits of general usage. A single tree may yield 500 
board feet of lumber, or the same number of surface feet 1 inch thick. 
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Figure 2.—Hardwood plywood paneled office. The desk is a apie example of the unique 
potentialities of hardwood plywood. 
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Cut into thin face veneers this same tree would yield 10,000 square 
feet, or 20 times more in terms of surface area. To illustrate, among 
some trees of fancy-figured wood, one tree can produce sufficient face 
veneer to panel 20 average rooms, whereas a single room would be its 
limitation if cut into solid lumber. 

Panels faced with veneer from a single tree are harmonious in 
design and coloring. Thus, it is possible to carry out an architec- 
tural scheme or permit a designer’s vision to take form in symmetrical 
or matched figures. 

The fabrication of hardwood plywood is no new art. It has been 
practiced through a hundred generations by the master craftsmen of 
civilization. The ancient Egyptians believed in a life after death simi- 
lar to man’s earthly existence. In anticipation of human requirements 
in the new life, household goods and necessities of daily life were 
grouped about the sarcophagus. Many of the wood articles found by 
excavators are of plywood construction.1 Hepplewhite, Sheraton, 
and other renowned furniture craftsmen of the eighteenth century 
availed themselves of the wonderful opportunities veneered panels 
offered in the fine decorative handicraft for which they are noted. 

However, as with all other medieval crafts, modern engineering and 
scientific achievements have so improved the technique of plywood 
manufacture that, despite the remarkable skill of the masters, twenti- 
eth-century hardwood plywood compares with their product much as 
the modern ocean liner compares with the Roman Galley. 

Scientists have applied their intelligence to fathom the intricacies 
of wood structure. Engineers have devised precision machinery 
with which to take advantage of the knowledge that science has 
revealed. Chemists, notably during the past 20 years, have devoted 
their efforts to the perfection of modern adhesives. Their combined 
efforts have enabled modern hardwood-plywood mills to make a 
product of greatly improved quality. Asa result, hardwood plywood 
now enters new fields to an extent scarcely anticipated a few years 
ago, especially where material combining strength and lightness with 
an attractive appearance and permanence is desired. The increas- 
~ing use of hardwood plywood in marine and airplane construction, 
and even in truck trailers, is evidence of such trends. 


WHAT IS HARDWOOD PLYWOOD? 


Hardwood plywood is wood engineered for beauty, strength, and eco- 
nomical application. Technically, plywood is the product resulting 
from three or more layers of veneer * joined with glue and usually laid 
with the grain of adjoining plies at right angles. Almost always an 
odd number of plies are used to secure balanced construction. The out- 
side plies are called faces, or face and back. The center ply is called 
the core, and intervening plies laid at right angles to the others are 
called cross bands. A Gchinfoa! distinction is usually made between 


1 Veneer and bg gees Knight and Wulpi. Ronald Press Co., New York, 1927. 

2 Veneer is a thin sheet of wood manufactured by three basic methods: Rotary-cut 
veneer.—Veneer cut in a continuous strip by rotating a log against the edge of a knife in 
a lathe. Sawed veneer.—Veneer produced by sawing. Sliced veneer.—Veneer that is sliced 
off by moving a log, bolt, or flitech against a large knife, (Wood Handbook, Forest Products 
laboratory, Madison, Wis., 1935.) 


230704°—40——-2 


4 AMERICAN HARDWOOD PLYWOOD 


plywood, as such, and laminated wood.’ Through such balanced 
construction of plywood panels, full advantage is taken of the out- 
standing strength properties of wood. Plywood offers maximum 
strength in all directions, combined with minimum weight. 

It becomes readily apparent that the word “plywood,” in its broader 
sense or usage, may refer to various types of assembly or construc- 
tion. For example, the essential features of plywood may apply to 
cores of veneer, lumber, or various combinations of veneer and lum- 
ber. The total thickness might be less than one-sixteenth of an 
inch, or more than 3 inches. The different plies may vary as to num- 
ber, thickness, and kinds of wood, and the shape of the members 
may also vary. The purpose for which the resulting plywood is 
to be used and the qualities desired for this use govern the selection 
of the type of construction. 

Hardwood plywood is not only decorative but is relied on to give 
strength to the structure of which it is a component part. To the 
consumer, plywood offers many desirable and advantageous proper- 
ties. First, plywood that is properly designed and is manufactured 
with balanced construction* has very slight tendency to expand or 
contract and thus stays in place satisfactorily. Also, the approxi- 
mate equalization of strength properties along the length and width 
of the panel results in greater resistance to checking and splitting. 
As a result of such balancing, a plywood panel might be described as 
being equally strong in all directions. This characteristic results in 
a high degree of rigidity in large structural sheets. 

Another property of plywood is its great resistance to splitting 
by nails, screws, or other types of fastenings. Fastenings may be 
made very close to the edges without damage. Furthermore, in this 
connection, plywood has very satisfactory nail-holding ability. The 
power of plywood to resist splitting is also demonstrated by ability 
to withstand a sudden impact of force. For example, the sudden 
pushing of a table against a plywood panel would not result in a 
crack -, split unless the force were sufficient to actually puncture 
the panel. 

vis previously indicated, hardwood plywood is produced in numer- 
ous types of assembly by varying the number of plies, their indi- 
vidual thickness, and the woods utilized, the variations being dic- 
tated by the mechanical requirements of the installation. Typical 
hardwood plywood is usually of three or five plies. The five-ply is 
built up from a center ply (the core) set between two sheets of 
cross-banding and two sheets of face veneer. 

Core and cross-banding provide a structurally strong foundation 
for the face veneers. Face veneers are primarily selected for their 
beauty, sometimes from the rarest and most unusual woods. Depend- 
ing upon their thickness and properties, the veneers play an impor- 


® Laminated wood is defined as a piece of wood built up of plies or laminations that 
have been joined either with glue or with mechanical fastenings. The term is most 
ba at applied where the plies are too thick to be classified as veneer and when the 
a n re: plies is parallel. (Wood Handbook, Forest Products Laboratory, Madison, 

8., Dp. 6. 

Balanced construction refers to matching of plies so that for each ply on one side of 
the central core there is a similar and parallel ply on the opposite side. Matching of 
plies involves a consideration of (1) thickness, (2) kind of wood with particular reference 
to shrinkage and density, (3) moisture content at the time of gluing, and (4) angle or 
relative direction of the grain. : 
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tant part in the stability of the panel. Generally, however, this 
condition is governed by the core structure. Standard face veneers 
in fine hardwoods are generally cut one twenty-eighth inch thick. 

Engineers, furniture designers, architects—all those who direct the 
use of hardwood plywood—take cognizance of the advantageous prop- 
erties of this modern product in building lighter weight but stronger 
jobs. 


Figure 3.—Five-ply panel, showing the lumber core (center) with grain running longitudi- 
nally, the two pieces of cross-banding with grain running at right.angles, and the two face 
veneers with grain paralleling that of the core. : 


Hardwood plywood is truly a splendid example of man’s ability 
to improve on nature in the production of a vehicle for permanent 
craftsmanship in wood. Without resorting to plywood construction, 
many of the most beautiful woods which the world’s forests produce 
could not be utilized commercially. Crotch, burl, and stump wood, in 
particular, have a marked natural tendency to crack and split, owing 
to the irregularity of their grain. Applied in the form of thin face 
veneers on plywood panels, such tendencies are minimized and the 
outstanding beauty of these woods is realized to the utmost. 


AMERICAN AND FOREIGN HARDWOODS USED 


The United States is rich in its resources of native hardwoods, many 
of which have become world-famous because of their outstanding use- 
ful properties. In color, figure, texture, hardness, and workability, 
American hardwoods cover such a wide range as to meet almost any 
demand of modern manufacture or construction. 

In speaking of hardwoods it must be noted that the term “hard- 
wood” does not necessarily mean that the wood is “hard” in the 
dictionary sense of the word. Woods from deciduous (broad-leaved ) 
trees are considered hardwoods by the industry, and all coniferous 
(needle-leaved) trees are classed as softwoods. Thus, poplar and 
basswood are hardwoods, yet they actually are soft; and longleaf 
pine is a softwood, although it actually is hard. 
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AMERICAN HARDWOODS 


For the information of consumers of hardwood plywood the fol- 
lowing brief descriptions of most American hardwoods used for 
plywood are supplied.® 


American Walnut. 

This native hardwood is often referred to as “the cabinetmaker’s 
wood.” ‘The ease with which it lends itself to the tools of the wood 
craftsman, its combination of aesthetic and physical properties, and 


Figure 4.—Cigarette case of walnut veneer, exceptionally light in weight and specially 
treated to resist unusual wear. 


its enduring qualities were early recognized. When the colonists 
first settled America, walnut abounded throughout the eastern half 
of the country and grew on much of the land needed for farming. 
In the process of clearing the land the value of walnut became readily 
apparent to the pioneers, and it was accordingly used in building 
and equipping their homes. “Many pieces of walnut furniture as 
well as floors and interior trim were found on the premises of the 
early settlers. 

Walnut is still one of the most loved of our native hardwoods and 
outranks all other domestic hardwoods in the production of face 
veneers. Ranging in natural color from the creamy white of the 
sapwood to the mellowed browns of the heartwood, walnut lends 


5 More detailed information on these and addftional species is available in American 
Hardwoods and Their Uses, published by the Bureau of Foreign and Domestic Commerce 
as Trade Promotion Series No. 178 (available from-the Superintendent of Documents, 
Washington, D. C.; price, 15 cents), For technical data on the physical and mechanical 
properties of wood, refer to Wood Handbook, Forest Produets Laboratory, Madison, Wis. 
(available from Superintendent of Documents ; price, 25 cents), 
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itself to the lovely finishing effects decreed by modern stylists. Al- 
most every type of figure known to veneer cutting is found in walnut. 
Its trunk, burls, crotches, and stumps yield some of the most attrac- 
tive wood grains to be found in the world. 


Figure 5.—This pictorial scene, created from selected wood veneers, is an exceptional illus- 
tration of the potentialities offered by the wide variety of color and figure in hardwood. 


In addition to its aesthetic feature, walnut is also outstanding in 
mechanical and strength properties.® It is hard, heavy, strong, and 


* Results of tests to measure the properties of structural cabinet woods conducted by 
the Forest Products Laboratory at Madison, Wis., are graphically pictured in a leaflet, 
The Story of American Walnut, available on request to American Walnut Manufactures 
Association, Chicago, Most of the data resulting from tests are also published in 
Bulletin No. 556 and Technical Bulletins Nos. 158 and 479 of the U. S. Department of 
Agriculture (available from Superintendent of Documents, Washington, D. C,). 
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stiff. It has good shock-resisting ability; can be satisfactorily kiln- 
dried or air-dried; takes finishes and stains; takes and holds paints 
exceptionally well; and can be readily polished. It glues well and 
shrinks or swells very little after being seasoned. In resistance to 
decay the heartwood of walnut ranks with the most durable woods. 
Red Gum. 

One of the hardwoods most widely used for plywood is red gum. 
The sapwood is commonly called “sap gum.” Red gum with unusu- 
ally rich, variable coloring and irregular markings 1s known as “fig- 
ured red gum.” 

The beautiful coloring and handsome grain of red gum have made 
it especially desirable as a paneling wood. The heartwood of red 
gum is reddish brown with occasional dark streaks. As seen from 
the end of the log, the heartwood may make a star-shaped pattern 
against the almost white color of the sapwood. Such logs, or logs 
of similar. nature, when properly cut will produce the unique de- 
signs of “figured red gum.” 

“Sap gum” cut from the sapwood of red gum is almost white and, 
except for lack of color, has practically the same properties as heart- 
wood. It is easily stained to match the heartwood, but for most 
decorative purposes the latter is more desirable. 

Red gum has an interlocked grain—which means that the elements 
or wood fibers are not constant in one general direction, but cross 
and recross. The reflection of light on os alternate areas of inter- 
locked grain, in which the fiber direction is opposite in the adjacent 
strips, is believed to account for the “ribbon” or “striped” effects 
obtained from quarter-cut flitches. In this type, alternate light and 
dark strips run longitudinally to the board. 

Red gum is moderately heavy and moderately strong. The wood 

is even textured and is well adapted to veneer cutting by any of 
the three processes: slicing, rotary cutting, or sawing. It takes 
stain, paint, and glue well. 
Oak. j 
No American hardwood has greater renown than oak. Found 
in every section of the United States where hardwoods grow, oak 
has played an important part’in the development of the country 
from its earliest history. Its uses are legion—from railroad ties and 
ship timbers to fine furniture and wall panels—exemplifying its great 
strength, durability, and attractive appearance. 

Oak is divided into two groups, red and white. Of the many 
species comprising these groups, 20 are of commercial importance. 
True white oak (Quercus alba) is the most important of all oaks, 
and true red oak (Quercus borealis) the most important of the red- 
oak group. These two species are the ones principally used in man- 
ufacture of plywood and veneers. 

Both the red and the white oaks are ring-porous—that is, the pores 
in the springwood are large and conspicuous in comparison with the 
pores in the summerwood. The decrease in size of the pores from 
springwood to summerwood is abrupt, thus forming distinct rings 
of large and small pores. Also, all species of red and of white oak 
groups have large medullary rays. The combination of the large 
rays and conspicuous summerwood pores accounts for the figure in 
oak. The flaked appearance of some oak veneer is due to the ex- 
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posure of the flat surfaces of the wood rays by quarter cutting. The 
variation in summerwood and springwood pores, however, is more 
conspicuous in plain or flat cutting. 

Oaks are generally heavy, hard, stiff, and strong, with good shock- 
resisting ability. Their wear-resisting qualities and beauty of grain 
account for their extensive use. Tests indicate that red oaks and 
white,oaks are about equal in general strength properties. The heart- 
wood of the red oaks is generally brown with a tinge of red, and 
that of the white oaks grayish brown with no reddish tinge. 
Yellow Birch. 

Among the important American hardwoods used in plywood manu- 
facture yellow birch ranks high. Possessing a distinctive and pleas- 
ing variety of figure in sawn, rotary-cut, or sliced faces, birch ply- 
wood offers ample latitude for broad architectural and decorative 
expression. “Curly” birch exhibits a wavy figure of changing high 
lights and shadows. The sapwood is of light color and the heart- 
wood is brown with reddish tinge. : 

Yellow birch is heavy, hard, stiff, and strong, with high shock- 
resisting ability. The wood is compact, uniform in texture, and 
capable of taking a high polish. 
Hard Maple. 

There are 13 species of maple growing in the United States, 6 
of which are of commercial importance. They are divided into two 
groups, hard maple and soft maple. The hard-maple group is com- 
pose largely of sugar maple and black maple. Its light color and 
its enduring properties have brought maple to a position of promi- 
nence in the bar wood-plywood industry. The wood is of uniform 
texture, is heavy, strong, and hard, and takes an excellent finish. 
Certain logs produce “curly,” “bird’s-eye,” and “blistered” figures. 
Yellow Poplar. 

The use of yellow poplar in the manufacture of hardwood ply- 
wood finds its greatest importance as core stock, cross-banding, or 
utility veneers. For this latter purpose, yellow poplar takes second 
place among all native hardwoods, although at the same time it holds 
sixth place in production of face veneers. Yellow poplar works easily 
and has a remarkable affinity for glue. These characteristics make it 
particularly suitable for cores and cross-bandings. It is lightweight, 
soft, moderately strong, straight grained, and of uniform texture, 
and takes paint exceedingly well. The sapwood is white and the 
heartwood greenish yellow. 

Tupelo. 

Because of the similarity of tupelo to gum in many respects, espe- 
cially in texture and appearance, this wood is many times referred to 
as “tupelo gum,” although technically it belongs to an entirely differ- 
ent genus and family. Like gum, it has interlocked grain produc- 
ing a similar “ribbon” or “striped” effect from quarter-cut flitches, 
especially desirable for decorative purposes. 

The sapwood is almost white, usually with a gradual transition to 
the light brown of the heartwood. Tupelo is fine grained, is of 
moderate strength and stiffness, and, owing to its interlocked grain, 
is difficult to split. 
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Figure 6.—Hardwood plywood screens are modern, attractive, light in weight, and can be 
harmonized with other furniture. 
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Basswood. 

The behavior of basswood under the special treatments encountered 
in plywood manufacture make it an especially desirable material for 
cores and cross-bandings. It is soft textured, straight grained, easily 
worked, and easily glued. Basswood veneer is made almost entirely 
by the rotary process, and as plywood panels finds such uses as drawer 
bottoms and mirror backings. Basswood panels are also excellent 
for jig-sawing and for the type of work done in manual training 
schools. The wood is white and presents an excellent surface for 
painting. 

Magnolia. 

The wood of magnolia resembles in texture that of yellow poplar, 
although it is somewhat heavier and harder. Magnolia is compact 
in structure and moderately easy to work. Its color generally runs 
from creamy white to light brown. It has a satiny luster and is an 
excellent base for paint. 


Cottonwood. 

This hardwood is used by the plywood industry for special utility 
rather than for decorative purposes. A great deal of cottonwood 
is manufactured into plywood for boxes and crates, for furniture 
linings, as drawer bottoms, for kitchen cabinets, and even for musical 
instruments. 

Cottonwood is light in weight, has a uniform texture, and does not 
split easily. It is grayish white, with indistinct annual rings and 
fine grain. It is easy to glue, works easily with tools, and holds 
paint well. 

Sycamore. 

Although the use of sycamore in plywood manufacture has been 
diverted principally to the production of utility veneers, a greater 
appreciation of its attractive figure has developed and its use in 
decorative panels is becoming pronounced. Sycamore, when cut on 
the quarter, shows a handsome “flaky” figure. The sapwood is light- 
colored, but with a distinct reddish or pink cast. The heartwood is 
darker, being of a reddish brown. Sycamore is close-textured and 
is moderatel heavy, hard, and strong. It has interlocked grain, 
and is therefore difficult to split. 


Elm. 

The uses for elm in the woodwork and furniture fields have broad- 
ened in recent years. Somewhat similar in general appearance on 
flat-cut surfaces to oak, ash, or chestnut, elm takes a fine polish. The 
heartwood is light brown, usually with a reddish tinge, while the 
sapwood is almost white. Elm is moderately heavy, tough, and 
straight-grained, and holds fastenings well. 


Chestnut. 

The wood of chestnut is ideal for lumber cores of hardwood ply- 
wood and is much used for this purpose. It is in the group of woods 
most easily glued and is easy to work. It can be readily kiln-dried 
or air-seasoned and dries flat, with little tendency to warp, split, or 
honeycomb. In resistance to decay, chestnut is classed among the 
most durable woods. Unfortunately, chestnut has been severely at- 

230704°—40-—8 
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tacked by a blight that has already killed great numbers of standing 
' trees and threatens its extinction in the United States. Since the 
blight in no way subtracts from the quality of the wood, lumbermen 
have been able to utilize closely the affected trees. 


Figure 7.—Flush plywood paneling. By careful installation, joints can be made scarcely 
noticeable, 


Other Woods. 

Numerous other American species finding occasional use in the 
hardwood-plywood industry round out a group of woods which range 
in cost from the lowest priced to the most costly, and in color from 
light cream to deepest brown. Among woods not described in the 
preceding sections are ash, aspen, beech, alder, cherry, butternut, 
hackberry, locust, buckeye, holly, pecan, hickory, apple, and others. 


: 
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FOREIGN HARDWOODS 


Although American hardwood-plywood mills are devoted largely 
to working native woods, the domestic supply of hardwood faces is 
supplemented by imports from Africa, Asia, Australia, Central and 


a ae oN Sonate ee Sn 


Figure 8.—The hardwood paneling in this room not only frames the fireplace, but is a sup- 
plementary frame for the oil painting. 


South America, and Europe, usually in the form of logs for cutting 
into veneer. Of the total production of face veneer, according to 
census reports for 1937, about one-third was produced from foreign 
woods. Such veneers are usually superimposed on cores and cross- 
banding of domestic hardwoods, so that practically all American 
hardwood panels represent up to 90 percent native material. 
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The following paragraphs present brief descriptions of the more 
important foreign woods utilized by manufacturers of hardwood 
plywoods. 


Mahogany. 

The excellent reputation which mahogany has attained through 
centuries of use in all parts of the world is based on a fortunate 
combination of properties essential to a first-class cabinetwood. Chief 
among these properties which mahogany possesses to a high degree 
are attractive appearance, ease of working with tools, fine finishing 
qualities, and ability to “stay in place.” 


Figure 9.—Modern piano, compact in design, exemplifying use of choice hardwood plywood, 


Mahogany is produced principally from two species of the genus 
Swietenia, growing in the West Indies, Mexico, Central America, and 
northern South America (the upper Amazon in western Brazil and 
in Peru). The wood is frequently sold under source designations 
indicating its origin, such as Honduras mahogany, Mexican mahog- 
any. To these species of the genus Swietenia the term “genuine ma- 
hogany” is often applied, to distinguish it from other woods some- 
times referred to in the trade as “mahogany,” but which are not 
from a species of this genus. 

Mahogany has long been the principal imported veneer wood. 
According to trade statistics, it accounted for 25 percent of all Amer- 
ican face veneers produced in 1939. The beauty of mahogany veneers 
in both figure and color is their outstanding selling point. Practi- 
cally all the figures found in various other woods as a result of 
irregular grain, are obtainable from mahogany. The characteristic 
interlocking of the fibers of the wood gives a ribbon or stripe figure 
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to quarter-sawn material. Mottled, fiddleback, raindrop, roe, and 
curly figures are also present occasionally. Crotches in the tree 
trunk produce a very attractive figure, and distorted growth yields 
effects, such as blister figure and burl. Plain-cut mahogany usually 
has a figure of soft outline and low contrast, although occasionally 
it shows distinct undulations of the grain. The color of the heart- 
wood varies from very pale to a very dark reddish brown, which 
grows richer and darker with age. The sapwood seldom appears in 
veneers. 

Mahogany plywood is widely used in both traditional and modern 
styles of furniture, and for wall paneling, radios, pianos, and other 
musical instruments. For traditional styles, the so-called Old 
World type of finishes predominates. These finishes, closely ap- 
proximating the appearance of fine old museum pieces, are a great 
improvements over the lifeless, heavily stained surfaces of a few years 
ago. For modern designs, the lighter finishes are preferred. These 
tones, obtained by the use of bleaches, range from the light reddish 
browns to honey tones. 

African mahogany is produced from the genus Khaya, principally 
from the species ivorensis. It belongs to the mahogany fuinily (the 
Meliaceae) and is known in American trade only as “African mahog- 
any.” The wood of khaya, or “African mahogany,” has, on the 
average, a lighter color than the mahogany of the genus Swietenia and 
less tendency to darken with age. When cut on the quarter it shows 
a similar, but more strongly defined, ribbon grain. Its chief advan- 
tages are that it runs more to figured wood and can be obtained in 
large sizes. This wood is employed for practically all the purposes 
to which mahogany is put, and is of particular value in the fabrica- 
tion of large panels. “African mahogany” is imported in consider- 
able quantities, accounting for about 75 percent of the mahogany face 
veneers produced in the United States. 

“Philippine mahogany” sold commercially includes about six species 
belonging to several genera, practically all of which belong to the 
dipterocarp family (Dipterocarpaceae) native to the Philippine Is- 
lands. These woods, although coarser in texture, resemble mahogany 
in general appearance and compare favorably in weight and strength 
properties. The various woods range in color from a pee pinkish 
yellow to a dark reddish brown. They are often classified commer- 
cially according to color into two groups—the red lauans, or “dark-red 
Philippine mahogany,” and the white lauans, or “light-red Philippine 
mahogany.” Of the first group, tanguile and red lauan comprise 
about 95 percent. In the second group, white lauan, almon, and 
bagtican are the most important trees. Many buyers specify these 
woods by their respective names to prevent misunderstanding. 

The individual lauan species, or “Philippine mahoganies,” show 
considerable resemblance to each other in their physical and mechan- 
ical properties; they differ principally in range of color, as mentioned 
in the preceding paragraph. Because of interlocked grain, these 
woods generally show on the quartered surface a ribbon figure con- 
sisting of alternate light and dark stripes, which are usually much 
more strongly defined than those in mahogany and result in a more 
pronounced figure. Of all the commercially important lauans, tan- 
guile bears the closest resemblance to mahogany. The interlocked 
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grain of the lauans gives them a tendency to warp in seasoning, but 
these woods can be dried satisfactorily with proper methods. Lauan 
wood is easily worked with tools, glues well, and takes stains and 
other finishes satisfactorily. 

Avodire. 

This species, which belongs to the same family as mahogany, 
is a native of the West African coast. Supplies come principally 
from the Ivory Coast. The logs reach a diameter of 3 feet ; therefore, 
quartered veneers in reasonably good widths are available. Agreat 
many of the logs are rejected in the forest, as only a small proportion 
yields the figured wood desired in veneers. The most typical figure 
found in Avodire is a rope figure. The wood is relatively light, cuts 
well on a veneer knife, dries flat, works with considerable ease, and 
takes a satisfactory finish. 


Ayous. 

This West African wood (also called African white wood, obeche, 
and samba) comes principally from Nigeria and the Gold Coast. 
The logs that find their way into export run from 28 inches to 5 feet 
in diameter. The wood is straw-colored, and is usually cut on the 
quarter to give a stripe pattern. Ayous does not have the depth and 
luster of primavera, but it is considered a reasonably satisfactory 
substitute for that wood. 


Narra. 

This wood grows in the Netherlands Indies and the Philippines. 
As it appears in our markets, it varies in color from deep red shadings 
to attractive rose tints. This is known as red narra. Yellow narra 
ranges through the brilliant browns to golden yellow. When cut 
on the quarter, the appearance is not unlike that of quartered unfig- 
ured satinwood, although the stripes are wider than in satinwood. 


Orientalwood. 

When first introduced into this country, this wood was called 
Oriental, Australian, or Queensland walnut, and also Australian 
laurel. The last of these names is probably the best, because this species 
is of the laurel family. No other foreign wood has in recent years 
found the market that has been accorded to orientalwood. The appear- 
ance of orientalwood varies greatly. It ranges in color from brown to 
gray, often with vivid pink streaks or an all-over pinkish cast, and 
frequently contains very dark pigment streaks. A rather large per- 
centage of this wood closely resembles walnut when it is cut on the 
quarter, and it was as a replacement for walnut that it found its 
greatest market. Veneers are usually cut on the quarter; and, as the 
logs are of tremendous size, quarters of excellent widths are available. 
When the logs were first imported, difficulty was experienced in the 
cutting because of silica in the wood. Proper technique overcame 
this difficulty. Orientalwood works up well in panels, having the 
toughness and strength to keep veneer breakage at a minimum. It 
takes glue satisfactorily and sands to a clean, smooth surface. 

Paldao. 

The dao tree is native to the Philippine Islands, Indochina, and 
the East Indian Archipelago. The wood has been known for a long 
time, but in recent years it was brought into the American market 
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under the name of “Paldao.” It shows a wide variety and an unu- 
sual amount of figure. In color it ranges from gray to reddish 
brown. Some of the grain markings resemble those of walnut to a 
marked degree, while others have a resemblance to the markings of 
zebrawood. On the market the tendency is to use Paldao in much 
the same way that black walnut is used. The wood is not considered 
plentiful in any of the range over which it is found. 

Primavera. 

Primavera comes from southwestern Mexico and Guatemala. 
Although is has been called “white mahogany,” it is not of the ma-_ 
hogany family. Primavera is a very light-colored wood, usually a 
creamy white. Aside from its light color, the grain of the wood 
(and very often the figure) closely approximates that of mahogany. 
When cut on the quarter, the veneers so produced show the typical 
mahogany figures of plain stripe, broken stripe, and a wide variety 
of mixtures of stripes, mottles, and fiddleback figures. Primavera 
is a rather light wood, ranging from 21% to 3 pounds per board foot. 
Its veneers d¥y flat, take glue well, and are bascaptible to all good 
finishing procedure. 

Sapele. 

Sapele is produced on the West African coast. Its sapwood is 
pale, with a pinkish tint. The heartwood is light red when first ex- 
posed to light and air, and on exposure it darkens to a reddish 
brown. Most of the Sapele logs are cut on the quarter, and they 
produce a straight stripe which in width is about halfway between the 
stripe of mahogany and that of satinwood. 


Satinwood. 

Few woods known today resemble satinwood in depth and richness 
of texture. This wood comes from Ceylon, East India, and the West 
Indies. Santo Domingan satinwood, although very scarce, is consid- 
ered the finest of the satinwoods. At the present time, however, 
there is practically no West Indian satinwood on the market, and the 
poe supply comes from India and Ceylon. Satinwood is hard 
and has long been in the world’s markets as a fine cabinet wood. Its 
weight ranges from 41% to 5 pounds per board foot. As satinwood 
logs are generally rather small, the veneer dimensions available are 
narrow. Satinwood is very fine grained, and when cut on the quar- 
ter produces a rich stripe. Many satinwood logs also produce veneer 
that shows a fine mottle or bee’s-wing figure. The color of satin- 
wood may vary from a golden yellow to a light golden brown with 
ripples of light across the surface. Satinwood crotches, although 
expensive, are a definitely marketable item. 


Tigerwood. 

This wood, which comes from the West Coast of Africa, has also 
been known by its botanical name, Lovoa. It varies in color from a 
dull grayish brown with black streaks to a bright satinwood gold. 
Cutting on the quarter brings out a strongly striped figure which ac- 
counts for its nomen, “tigerwood.” In most cases the stripes are 
narrower than those typical of mahogany, but each stripe stands out 
with remarkable clarity and depth. The wood is rather light, weigh- 
ing from 21% to 3 pounds per board foot. 
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New Guinea Wood. 

This wood from New Guinea (also called Guinea walnut) belongs 
to the same family as Paldao, although it is softer and lighter tex- 
tured than Paldao. New Guinea wood is often sold as a substitute 
for orientalwood. 


Figure 10.—This museum piece is a reproduction of an original gaming table used by Julius 
Caesar. The artistic matching and blending of French walnut, black French walnut burl, 
holly, and satinwood show masterly workmanship. 


MANUFACTURE OF HARDWOOD PLYWOOD 


The manufacture of hardwood plywood is of never-ceasing inter- 
est, even to those intimately associated with its processing. The vari- 
ety of constructions, the types of wood, and the methods of develop- 
ment are extensive and present. an ever-changing picture. 

Hardwood plywood manufacture divides itself naturally into four 
stages: (a) The cutting of face veneers; (6) the manufacture of 
cross-banding veneers and of core stock; (c) adhesives; (d) panel 
assembly. Of these, face veneer cutting is probably the most intri- 
guing, as every fresh log, burl, stump, or crotch brought to the veneer 
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mill is something of a mystery until it has been cut. Only the saw, 
the lathe, or the slicer can confirm or contradict the log purchaser’s 
judgment. 

METHODS OF CUTTING FACE VENEERS 


Market requirements and the character of the log determine which 
type of veneer cutting will be employed. There are six of these 
types: (1) Rotary cutting, (2) half-round rotary, (3) back cutting 
on_rotary lathe, (4) flat slicing, (5) quarter slicing, (6) sawing. 

In preparation for cutting by any one of the first five methods, 
the entire log or sections of it are either conditioned in boiling water 
or steamed for periods of from a few hours to several days, depending 
upon the hardness and other properties of the wood. There are 
several exceptions; poplar, basswood, magnolia, and several other 
woods are cut cold. Logs to be prepared for sawn veneers are not 
treated. 

Logs best suited for rotary and half-round are selected in the log 
yard. A preliminary cut through the center of a log selected for 
slicing, back cutting, or sawing gives the flitcher a conception of 
the real character of the figure. His experience and judgment often 
determine the type of cutting and the angles at which the cuts are 
to be made. The nature of the veneer figure depends on his decision. 
Faulty judgment may result in the production of an average or poor 
figure from a prized log. Good judgment in cutting enhances the 
log’s value tremendously. 


Rotary Cutting. 

This is the oldest and most common method of veneer cutting by 
knife. The log or bolt is mounted on a lathe and turned against a 
presure bar and a knife with a razor-sharp edge. The operation is 
similar to unwinding a roll of paper; as the log revolves, the veneer 
is peeled off in a thin, uniform sheet. Rotary cutting produces a 
swirly, variegated pi gieate ps: as the knife edge travels more or 
less along the are of the annual growth rings in the tree. 

Rotary veneer can be produced in large widths, yielding semi- 
matched veneers as well as one-piece faces. 


Half-Round Rotary. 

This process is accomplished by means of a lathe similar to that 
used in rotary cutting, except that a “stay log,” an eccentric device, is 
used. By fastening a half log to the eccentric, it is cut off-center and 
a wider cutting sweep is obtained than would be possible with the 
log mounted on the usual lathe centers. As the blade cuts through the 
annual rings off the line of their are of growth, the figure is much 
milder than that obtained in full-round rotary cutting and shows 
slightly more heart character than that produced by slicing. Adja- 
cent sheets yield a symmetrical pattern when matched. (See fig. 13.) 


Back Cutting on Rotary. 

Cutting of this type is also done on a rotary lathe with the use of a 
“stay log” and differs from half-round rotary cutting in that after 
the log is cut through the center lengthwise, it is fastened to the 
“stay log” on the bark side. In back cutting the first sheets come from 
the heart of the tree, or the heartwood, while in half-round the first 
sheets come from the outside of the tree, or the sapwood. The direc- 
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Figure 11,—Fine specimens of walnut veneer logs. Note stumps attached. Modern methods 
of cutting veneer afford close utilization of the tree and also bring out the beautiful figures 
in the wood, especially those highly prized figures of the irregular portions of the tree, as 
stumps, crotch, and burl. 


Figure 12.—Veneer slicer. Handles logs up to 16 feet in length. Note pile of cut veneers in 
vs (aaa and freshly cut sheet which attendants are removing from beneath blade of 
slicer, 
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tion of the cut is against the annual rings of the wood. A consider- 
ably enhanced striped figure is thus produced. This method of cut- 
ting increases the yield of heartwood, which in some instances is 
desirable. The sapwood of some woods—for example, walnut—is 
usually much lighter in color than the heartwood. (See fig. 13.) 
Flat Slicing. 

Logs to be sliced are sawn into flitches, stripped of their bark, and 
placed in large vats, where they are steamed. When sufficiently soft, 
they are further trimmed and then taken to the cutting machine, 
where a single flitch is fixed horizontally in a heavy movable frame. 
The frame brings the flitch down against the cutting edge of a long, 
prnfsen? | knife, which shaves off veneers of the desired thickness, 
ranging from 1499 to %» inch. The standard American thickness for 
face veneers is %g inch. Slicers are capable of cutting veneer logs 
16. feet in length. 


(A) (8) 


Figure 18.—Two methods of wien (A) Half-round rotary cutting. In this method, the 
eart side of the flitch is attached to the stay log and the direction of cut is with that of 
the annual rings. (B) Back age 2 on rotary. In back cutting, the bark side of the 
flitch is attached to the stay log. The first sheets are cut from the heart side and opposite 
4 = direction of the annual rings. This method of cutting enhances the stripe-figure 
effect. 


Quarter Slicing. 

In this, the most expensive of all veneer knife-cutting methods, the 
actual cutting is performed exactly as in flat slicing; the difference 
is in the preparation of the log, which is sawn into quarter-cut flitches. 
The veneer is cut approximately at right angles to the annual rings, 
producing straight stripes running the entire length of the veneer 
in most woods. In woods having prominent rays, this method also 
produces a flake figure. 


Sawing. 

Sawing is the oldest method of veneer cutting. The log or flitch 
is not conditioned but is mounted on a traveling carriage which 
trundles it back and forth against the blade of a saw, cutting it 
through from erid to end. This method is extravagant, since the saw 
kerf is sometimes about the same thickness as the veneer which is cut. 
This method is used mainly for veneers which are comparatively thick 
or unusually hard or are otherwise difficult to handle properly when 
cut with a knife. Quarter-sawn veneers are produced from quarter- 
cut flitches. Sawing is generally used for white oak veneers and for - 
stock veneers for such purposes as mahogany doors and maple grand- 
piano rims, 
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Face veneers, as they come from the machines, are carefully kept 
in their original order, are dried to the required moisture content, 
clipped, sampled, and placed into crates, and then stored for ship- 
ment. Veneers are often cut to specifications on order. 


HOW FIGURED VENEERS ARE OBTAINED 7 


Few persons have a clear conception as to why wood is beautiful. 
Some think it is the way the wood grows, others that it is the way it 
is cut, and still others believe it is the way it is finished. Finish may 
bring out and intensify the beauty of figure; otherwise, finishing 
principally seals the wood or changes the color. Actually, the real 
beauty of wood is due to its figure, which is the result of the way a 
tree grows and the way it is cut. The preceding section describes 
briefly the basic methods of cutting. 

Figure in wood is the pattern formed by the (1) the annual growth 
rings, (2) the medullary rays, (3) pigment figure (irregular infil- 
trations of coloring matter), and (4) irregularities of growth, such 
as cross grain, wavy grain, burls, knots, or various other distortions 
of the normal course of the fibers. It is obvious that in many in- 
stances figure may result from a combination of these four basic 
factors. 

Annual Growth Rings. 

Growth occurs in what is commonly known as the cambium, which 
is a thin layer of growth tissue between the bark and wood. Each 
year, by or in the cambium, a tree adds a layer of wood on the 
outside of that previously formed, thereby increasing the diameter 
of the trunk and pushing the bark outward. 

If growth is interrupted each year, by cold weather or dry seasons, 
the character of the cells at the end of each year’s growth and the 
beginning of the next differs sufficiently to define sharply the annual 
layers or growth rings. In parts of the Tropics, where tree growth 
is continuous throughout the year, no well-defined annual growth 
layers are formed. 

In many species of trees each year’s growth is divided into two 
layers, refered to as springwood and summerwood. The springwood 
is usually composed of large, thin-walled cells, while the summer- 
wood cells are smaller and are usually thick-walled. In hardwoods 
(broad-leaved trees, which are usually deciduous) are found pores 
or ducts. In a number of species of hardwoods, such as chestnut or 
ash, these vessels are much larger in the springwood than in the 
summerwood, and such woods are known as ring porous; other hard- 
woods are known as diffuse porous. Softwoods (coniferous needle- 
leaved trees) are nonporous. Thus, the various species of trees pro- 
duce a wide variety of cell structure, size, and arrangement in each 
annual growth ring, which in turn produces .variable figures or 
patterns when cut into lumber or veneer. 

The pattern formed by annual growth rings consists of stripes on * 
quarter-sawed surfaces and of stripes, parabolas, and ellipses on 
plain-cut surfaces. Growth-ring figure is quite pronounced in oak, 
ash, chestnut, and elm, and moderately so in black walnut, butternut, 
birch, and pecan. 


7This section is based_in part upon Why Wood Is Beautiful, by George N. Lamb, 
reprinted from American Forests, 5 


veneer, 


AMERICAN HARDWOOD PLYWOOD 


Figure 14.—Diagrammatic picture of walnut tree showing Sources of the several types of 
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Medullary Rays. ¢ 

While growth cells in most trees are elongated parallel to the axis 
of the tree, certain species, particularly such hardwoods as white oak 
and beech, produce cell aggregates aligned at right angles to the axis. 
These groups of radial cells (known as medullary rays—or, more 
often, merely as wood rays) produce a flake figure such as is char- 
acteristic in quarter-cut white oak. Other well-known woods dis- 
closing a prominent flake or fleck figure when cut on the quarter are 
lacewood and sycamore. 

Pigment Figure. 

Uneven distribution of color or pigment is the principal cause of 
figure in some woods and also frequently accentuates the figure that 
is due to other causes. The commonest color variation is the differ- 
ence in the color of the heartwood and the sapwood. In such species 
as walnut, orientalwood, gum, and yellow birch, the heartwood is 
much darker than the sapwood. When both heartwood and sapwood 
appear in matched sheets, a pattern results. If this pattern is pleas- 
ing, it is retained; if it is not pleasing, the light wood is stained to 
match the heartwood. 

In other trees, such as rosewood, zebrawood, and Macassar ebony, 
the heartwood seems to have darkened only in concentric zones. 
When such woods are quartered, a stripe figure results. When flat 
cut, the figure is wild on account of the alternate color zones. Color, 
sometimes desirable, may also be due to stains from decay or to 
incipient decay itself. 

Irregularities of Growth. 

Crooked or bulged logs, burls, crotches, or other distortion of the 
normal course of the fiber growth produces figures of peculiar or fan- 
tasticshape. Irregular grain is undoubtedly the most important factor 
in the production of figure in wood. Some of the most outstanding 
of these irregularities are: 

Crotch.—Where a tree forks into two limbs, the crushing and 
twisting of the fibers between the two limbs as they increase in 

irth makes one of the most striking figures to be found in wood. 

here is no sharp line of Oe eatin been crotch and swirl figure. 
The swirl figure comes from the outside of the crotch block, and the 
true crotch figure from the center part. 

Swirl.—Swirl figure pegpes comes from the outer sides of the block 
that produces the crotch figure. Therefore, it is a matter of opinion 
where the swirl figure ends and the crotch figure begins. Also, the 
sheets from the extreme outside of a crotch Bode may yield a very 
plain swirl, while nearer the center the swirl may be highly figured 
as it approaches the crotch pattern. 

In addition to swirls from crotch blocks, a twisted, crooked, or 
limby log may, when flat cut, produce a plain swirly figure, or, if 
the log is also figured, it may produce a figured swirl. In the smaller 
panels it is often impossible to tell whether the swirly figure came 
from a crotch or from a swirly log. From the standpoint of general 
ApEn figured flat-cut mahogany also belongs in this group. 

tump (or butt) —At the base of the trees of some species, such as 

walnut, the wood becomes wrinkled from lack of room for new 

rowth and perhaps from the swaying of the tree. Ifa tree is “swell 
butted,” the chance is that the “stump figure” is more pronounced. 
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Figure 15.—Crotch figure (four-way match African mahogany with border of quartered 
satinwood). 


Figure 16,—Burl figure (myrtle cluster, two-piece book-match—a cluster is a combination of 
plain wood and burl figure), 
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Figure 18.—Stumpwood (four-way match figured American walnut). 
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Figure 19.—Bird’s-eye figure (one-piece bird’s-eye maple), 


Figure 20.—Curly figure (one-piece curly maple). 
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Burls.—These are huge tumors or warts that may appear any- 
where on a tree as a result of some pathological or mechanical dis- 
turbance of the growth area. 

Bird’s-eye—This figure—found frequently in maple, seldom in 
other woods—results from the forming of buds beneath the bark 
after the bark is too heavy to allow them to break through,~ The 
result is scattered “humps” around the tree, which may. ‘persist 
through many years of subsequent growth. ae ; 

Plum pudding.—To be classified with unnatural growth figures, 
such as burl and bird’s-eye, is the “plum pudding” figure, found prin- 
cipally in Cuban stare ss Sa In this figure are numerous dark ob- 
long spots that suggest the name. Often the grain around the “plum” 
is sae? wavy, and occasionally it is burly. 8 

urly or wavy grain—This irregularity, also known “cross 
figure” and “cross fire,” in a log cannot be explained. Some trees 
have it and some do not. It occurs in many species, but is compara- 
tively rare. This curly or wavy grain is a puzzle to the forester and 
has been little studied. The fact that it is more often found in the 
outer section of the tree lends support to the theory that it.is due to 
pressure caused by swaying. Its irregular and infrequent occurrence 
supports the theory that it may be a heriditary characteristic. Some 
favor the second theory. The curls may run straight across the 
grain or they may occur at various angles. In any event, the curly 
or wavy grain, figures may be classified into a number of distinct 


types. 

"riddleback figure-—Where the grain has a fine, regular wave, it 
is called “fiddleback,” because this figure is often seen in the wood 
used for. the back of violins. It may show up well either in quarter- 
ing. or flat cutting. Quartering gives better matching. 

oll figure.—lf the waves are rather wide, then it 1s called a “roll 
figure.” If the rolls are about the width of a finger, it is known as a 
“finger roll.” This figure, except for size, is produced in the same 
form as in “fiddleback.” . The more general terms, “curly figure” and 
“wavy figure,” are also applied to this wider type of cross figure. 

Both the “fiddleback” and the “roll” figures show variation in the 
length of the wave as well as the width. Some are long and regular, 
and some are short and choppy. Sometimes all types are mixed 
together in a single surface. 

Blister figure.—A distinct variation of the curly figure occurs where 
the rolls are very wide and short with narrow depressions between. 
This creates a “blister” figure, which may range from fine to large in 
the size of the “blisters,” or they may be mixed large and small. A 
bold blister figure is also known as “quilted.” Blister figure shows 
best in flat or rotary cutting. 


Other Types of Figure. 

Stripe, or ribbon.—This type of figure consists of alternating light 
and dark stripes, running more or less the length of a board and 
varying from less than 14 inch to more than 114 inches in width. It 
is pronounced only in quarter-sawed or nearly quartered lumber. It 
is usually due to differences in the reflection of light from adjacent 
layers of wood cut from trees with interlocked grain, or interwoven 
grain—that is, trees in which the slope of the fiber alternates between 
a right-handed and left-handed spiral in succeeding periods of 
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Figure 22.—Pigment coloring figure (two-piece book-match figured red gum. 


30 AMERICAN HARDWOOD PLYWOOD 


growth, each period usually extending over a number of years. Lum- 
ber cut wealiatty from such trees contains stripes in which the grain 
runs alternately inward and outward, and hence causes differences 
in the reflection of light. Stripe of this character is common in true 
mahogany, khaya, tanguile, red lauan, almon, red gum and tupelo 
gum, and in some other woods, principally from the Tropics. In the 
gums it is not so pronounced as in the other woods mentioned, because 
the former have not a high natural luster. 

Stripe figure is sometimes formed by the annual rings in quarter- 
sawed lumber, and is especially noticeable when the yearly layers of 
growth are wide. Wood having fairly straight and regular zones 
defined by actual differences in color is also referred to as having a 
stripe figure. 

Broken-stripe figure Frequently, when the interwoven grain is 
cut on the quarter, the twisted or slightly spiral nature of the grain 
breaks the stripe at irregular intervals. This gives rise to the 
“broken stripe.” : 

Rope figure.—If, in a single sheet, the stripe happens to break only 
in one direction, the result is a “rope” figure. This figure is common 
in avodire and occurs occasionally in mahogany. The rope figure 
should not be confused with a curly figure that angles across the 


ain. 

ar ottle figure —The mottle figure is typically the straight or broken 
stripe which is further broken by short waves or curls. If the waves 
or curls are regularly about as far apart as the stripes are wide, 
a “block” mottle figure results. If the same spacing occurs where 
the stripe is very narrow, the figure is called a “bee’s wing” mottle. 
If the curls are spaced irregularly, but across more than one stripe, 
the resulting figure has been called “roe” or “roey” figure, also “rain- 
drop” figure, as it suggests raindrops driven across the window pane. 
The variety and combinations of the mottle figure are endless, but 
those mentioned cover the main types. 

Oystershell—This figure results from angling across sections of 
limbs or small trees. Sach material is used for inlays or decorations. 

Shell cut—In order to produce a shell or leaf figure, a section of 
a log may be cut on a bias, so that: the face crosses the growth rings 
or the interwoven grain zones at an angle. 

Conical cutting—Another minor but unusual figure, somewhat on 
the order of the preceding, is obtained by an adaptation of the lathe. 
In effect, the veneer is cut in a manner similar to the cutting that 
resulted from the old-fashioned pencil sharpener in which there was 
a knife blade. With figured wood, this method produces striking 
circular table tops, but is less practical than four-piece and eight- 
piece matching. 

Artificial fiddleback—Some years ago, an ingenious person figured 
that if veneers were cut from plain logs on a knife with a wav 


? 
6 


edge, the en when this veneer was flattened, would be a “fiddle- 


back” figure. Such a machine was produced; but the product looked 
so artificial, because of the perfect regularity of the figure, that it 
never became popular. 

Knotty figure-—This figure is typical of pine or spruce, but also has 
been produced in aspen, oak, and red cedar. Most desired are well- 
scattered knots, not over 114 inches in diameter. 
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In this category are included all the surfaces that show occasional 
pin knots, burly spots, and waves from spike knots. All of these 
marks of natural growth should be considered beauty marks and not 
defects, except in places where they might impair structural strength. 


VENEER MATCHING 


Owing to the wide diversity of figure types and to the fact that 
adjacent veneers from the same flitch can be matched to make sym- 
metrical designs, there is hardly any limitation to the variety of 
patterns which can be produced. The art of matching veneers has 
been developed to such a high degree of perfection that the well- 
informed designer may obtain almost any desired effect and ma 
realize the full value of every wood. Thus, the exquisite wood panels 
of modern homes, radio cabinets, or fine furniture, which we so 
enjoy, are achieved. Three general methods of matching veneers can 
be considered as basic—book-match, end-match, and slide-match. To 
obtain additional designs, combinations or variations of these basic 
methods are resorted to by ingenious matchers.- Such variations in- 
clude diamond match, reverse diamond, herringbone, checkerboard, 
marginal block, and other effects conceived by the designer. 

In book-matching, two adjacent sheets of veneer, as they were cut 
from the flitch, are opened fike a book and then taped side by side. 

End-matching is similar to book-matching except that the ends 
instead of the sides of the two sheets of veneer are used as a hinge, 
and they are taped end to end. 

Book-match and end-match combined form a four-way match. 

Slide matching is accomplished by sliding the top sheet of two 
sheets of veneer, arranged in the order in which they were cut from the 
flitch, into a side-by-side position. 

In the process of matching, the veneers may have to be squared, or 
clipped at an angle, or cut into a number of small segments, or 
treated in some other manner, depending upon the ean desired. 
Since each sheet carries a pattern almost identical to that of the sheet 
next to it, they must all be cut in exactly the same place. Sometimes 
a third, a half, or in rare cases only a fourth of each sheet of veneer 
can be used, merely because only a small portion of its pattern would 
help form the perfect design needed for a beautifully matched table 


top or dresser front. 
CORE AND CROSS-BANDING 


Wood is not a homogeneous material, but has physical and strength 
properties that vary in direction within itself. With changes in 
its moisture content, wood shrinks or swells, mostly across the grain; 
shrinkage and swelling parallel to the grain is practically negli- 
gible for most species. Similarly, the strength properties of wood 
also vary in relation to the direction of the growth rings in a species. 
In building up plywood with core and cross-bandings, as described 
in an earlier section, a balanced construction is attained, producing 
almost perfect equality of these strength and physical properties in 
two directions—parallel with and perpendicular to the edge of the 
panel. The greater the number of plies used for a given panel thick- 
ness, the more homogeneous in properties is the finished panel. 

Plywood cores may be of veneer or of lumber, the choice depending 
primarily on the use to which the panel is to be put. Veneer cores 
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Figure 23.—Diamond-match quarter-cut African mahogany, with border of quarter-cut 
satinwood. 


Figure 24.—Quarter-cut two-piece book-match figured orientalwood. 
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Figure 25.—Rotary-cut one-piece chestnut. 


Figure 26.—Flat-cut two-piece matched-figure American walnut. 
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may be specified for panels to be constructed on shar curves, or when 
structural requirements call for a fine balance o strength in all 
directions along the face of the panel. In plywood for such pur- 
poses as desk tops, lumber cores are usually employed. 

Lumber cores are ordinarily built up of narrow pieces of lumber, 
edge-glued together and planed after drying, to insure uniform thick. 
ness. Cross-bandings are practically always of rotary-cut veneer. 


HARDWOOD PLYWOOD ADHESIVES 


The use of adhesives to bind together pieces of wood dates back 
to ancient times. The tomb of King Tutankhamen revealed numer- 
ous articles bearing evidence of the use of glue for both veneerin 
and joint work. Little is known of the character of these glues; and, 
although they may have served their purpose exceedingly well, their 
efficiency cannot be compared with i adhesives science has made 
available today. Recently developed glues are stronger than the wood 
itself, producing a bond between the glue and the wood of greater 
pr eed than even that which the fibers of the wood have for each 
other. 

The ease or difficulty with which satisfactory joints are made is 
dependent on the density and the structure of the wood, the pres- 
ence of extractives or infiltrated materials, and the kind of clue. 
Tn general, heavy woods are more difficult to glue than lightweight 
woods, hardwoods are more difficult than softwoods, and heartwood 
more difficult than sapwood. Regardless of these differences, a satis- 
factory bond can be secured through proper preparation of the 
elements making up the plywood and through the selection of the 
right binding agent. Endless tests and controls are made by plant 
technicians before the kind of glue is selected for use. 

In modern plywood practice, consideration is given to four types 
of glue—vegetable glue, animal glue, casein glue, and synthetic resins. 
In these four classifications there are various subdivisions of quality ; 
and while for certain purposes glue requirements are standard, the 
experienced plywood manufacturer has wide latitude in his selection. 

further division among glues classifies them as hot-pot, cold-press, 
and hot-press. In the fabrication of plywood, the hot-pot glue has 
almost disappeared. Among the cold glues, fine vegetable and casein 
glues have general acceptance. 

Vegetable and animal glues.—The fine vegetable glues are produced 
from carefully graded and scientifically controlled cassava flour and 
are processed in the United States. The casein glues are made from 
the solid precipitate of skimmed milk, mixed with lime and other 
chemicals. The use of animal glues, including blood albumen, in the 
hardwood plywood field is now restricted to special-purpose panels; 
and the place of these adhesives has largely been taken y synthetic 
resins, which are among the latest developments in chemical 
engineering. 

Synthetre resins—These resins are the strongest adhesives ever 
developed for the woodworking trade. They are divided into two 
general classifications—phenol formaldehydes and ureas. Phenol 
formaldehydes are formed by subjecting phenol (crude carbolic acid) 
to the fumes of formaldehyde. They are known as hot-press resins, 
owing to the fact that they require combined heat and pressure to 


bi 
i 
i 
4 
| 


AMERICAN HARDWOOD PLYWOOD 


Consistency of the glue and amount spread are under careful 
mechanical control at all times. 
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Figure 28.—Hot plate pres Resin glues rely for their adhesive quality on the chemical 
change effected by simultaneous application of heat and pressure. Once these glues have 
set, they are waterproof and rot proof. The introduction of phenol and urea resins has 
greatly expanded the uses for hardwood plywood, 
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cause setting, Once they have been set, they are waterproof and 
rotproof. 

Urea resins have similar characteristics but are not as strong as 
the phenol resins, nor can they be subjected to the extremes of com- 
bined heat and moisture against which the phenol resins are im- 
pregnable. Urea resins set either in hot presses or under pressure 
alone when kept in a hot storage room. 


Figure 29.—Plywood press. After panels have been glued, they are baled and placed under 
pressure to insure close contact between various plies. Pressure is held constant until the 
ane set. Note massive construction of press and careful equalization of pressure on 
panels, : 


The introduction of both these phenol and urea resins into the 
plywood field has broadened the market to include outdoor use, or 
installation under conditions of humidity and temperature which 
would destroy any other glue lines. The effectiveness of the water- 
proofing properties of urea glues is dependent upon the percentage 
of flour used. Resinous glues do not support any type of bacterial 
deterioration. As a consequence, the use of resin-bonded plywood 
in humid climates is being greatly extended. 


PLYWOOD ASSEMBLY 


Before being assembled into a plywood panel, the veneer cores, 
cross-bandings, and faces are dried down to a uniform moisture 
content and ironed flat. Lumber cores are also dried down in kilns 
to a uniform moisture content and then planed to uniform thick- 
ness, Cold glues are distributed from the hopper of the glue 
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spreader to parallel rollers between which the sheets are fed. All 
contacting faces receive a uniform coat of glue. These glued sheets 
are laid up in bales and placed under pressure to insure close contact 
between the various plies. Pressure is held constant, by clamps with 
turnbuckles, until the glue has set. The time required for setting 
varies with the glue and and with the size of the panel. 

After the glue has set, the plywoood panels are taken to drying 
rooms equipped with temperature control or mechanical ventilation, 
or both, to remove (through evaporation) the moisture introduced 
in the panels by the glue. The panels are then trimmed to width and 
length and are drum-sanded to remove the veneer tape and to smooth 
the panel surfaces. A second sanding, belt-sanding, is resorted to by 
manufacturers if an exceedingly smooth finish is required. After 
belt-sanding and thorough inspection, the plywood is ready for fabri- 
cation and for finish, without any further preparation, except a final 
sanding after all cabinet work or installation work has been 
completed. ~* 

The handling of plywood assembly when resin glues are used is 
somewhat complicated by the unique character of the adhesive. Res- 
ins rely for their adhesive quality on the chemical change effected by 
simultaneous application of heat and pressure, instead of by the 
evaporation which effects the drying and setting of glues. The adhe- 
sive is applied either in thin sheets or with a glue spreader (depend- 
ing on the type), and the individual assemblies are placed in com- 
partments of the hot plate press whose platens are steam or electri- 
cally heated. Under heat and pressure the resin first flows and then 
hardens. The resulting glue line is insoluble in water and is proof 
against bacteriological deterioration. Hardwood plywood panels made 
by this process—particularly those made with phenols resin—are proof 
even against continued boiling. One of the latest developments of 
this type of panel is for the planking and decking of small boats, 
particularly of the high-speed racing types. 


STANDARD SIZES 


Standard panel thicknesses run from ‘% inch by eighths to 134g inch, 
for either three-ply or five-ply. 

Standard plywood construction, in order of expense, may be sum- 
marized as follows: 


HOW: UBT ae he as ee ¥% or % inch thick, three-ply, rotary core. 
Increased permanency__-_-----__-__ 4% or 4 inch thick, five-ply, rotary core. 
Increased permanency and rigidity_. 34 inch thick, five-ply, rotary core. 
Maximum permanency and rigidity. %4 or 1%¢ inch thick, five-ply, lumber core. 


Special constructions for bending purposes are frequently produced 
in two-ply, but this construction sacrifices some of the normal char- 
acteristics of plywood. 

Thinner panels from three-ply (149 inch) and thicker panels (up 
to 7 inches) are manufactured for special purposes. Such construc- 
tions are designed by engineers to meet unusual requirements.* 


8 Data on the strength of plywood are available on request to the Forest Products Labora- 
tory, Forest Service, Madison, Wis. 
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USES OF HARDWOOD PLYWOOD 


ARCHITECTURE 


Modern American architecture makes steadily increasing demands 
on hardwood plywood. Whether the design calls for broad, flush 
expanses in the ultramodern mode or for the more ornate paneling 
of conservative architectural style, architect and designer come more 
and more to rely on hardwood plywood panels as a medium of expres- 
sion. Paneled walls and ceilings of hardwood plywood give an ap- 
pealing warmth. Whether in the staid precincts of a courtroom, the 
gay rotunda of a hotel lounge, the rich simplicity of an auditorium, 
the restful efficiency of an executive’s office, or the quiet ease of a 
residential living room, the architect can find in American hardwood 
plywood a color and figure exactly in keeping with the atmosphere 
of the installation. 

Matched panels with face veneers cut from the same flitch permit 
the architect to employ a repetition of pattern through a series of 
chambers and corridors, or to produce an arresting effect in salon or 
foyer. Whatever the mood, the restful beauty of fine wood is forever 
present. The natural figure and grain with which hardwood species 
have been endowed is as permanent as the wall itself. Many woods 
take on, with age, a mellow tone which adds to, rather than detracts 
from, their beauty and color. 

The designer may specify a thin panel, as a measure of economy, 
where the installation will not be subjected to too great strain, or a 
thick panel where his work is to stand as an enduring monument to 
his taste and ingenuity. Modern manufacturing methods enable him 
to develop curved surfaces almost without limit. Columns with tre- 
mendous structural strength, but without sacrifice of beauty, are with- 
in the range of his calculations. 

Hardwood panels can be used by the designer to interpret and sup- 
plement the lines of his sketch. Panels of proper proportion lend 
height to walls when applied vertically; panels applied horizontally 
lend width. Veneers with wide-striped figures lend spaciousness ; 
narrow stripes concentrate attention; large matched figures break up 
the monotony of broad wall expanses; small matched figures add a 
delicate touch to smaller surfaces. Fancy faces—burls, crotches, and 
stumpwood—are sometimes pretentious and attention-compelling. 
Whatever the effect, hardwood panels present more than a surface 
appeal. The human eye looks into the wood and perceives a depth 
of design and coloring which even the most consummate artist cannot 
approach with brush and paint. Nature’s own incomparable handi- 
craft supplements the work of the designer who relies on hardwood 
for the interpretation of his ideas 

Wherever hardwood plywood is installed, it introduces a new note 
of economy and practicability. Maintenance costs, whether in resi- 
dential project. or public place, are minimized. Surfaces not subject 
to abrasion require nothing more than an occasional wiping to remove 
accumulated dust. Other surfaces need little more than a light wax- 
ing to restore their original brilliancy and beauty. The abrasion 
resistance of many hardwoods is in itself a guaranty against most of 
the marring to which walls are prey. The construction of the hard- 
wood panels protects them against cracking and splitting. 
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Figure 30.—Church choir loft. 
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Figure 31,—Court room. The rich simplicity of wood interiors produces an aggreeable 
sedateness. 


Figure 32.—Jewelry store with plywood walls and fixtures in modern design. 
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General acceptance of the value of hardwood plywood for interior 
decoration has been due entirely to the universal recognition of its 
intrinsic merits. 

BUILDING CONSTRUCTION 


The soundness of principle involved in eliminating from wood 
frame construction artificially introduced moisture is responsible for 
the modern tendency to use hardwood plywood. This type of con- 
struction—commonly referred to as the “dry-built” system—calls for 
the use of plywood panels for interiors, applied directly to the studs. 

This method provides for both economy and enduring satisfaction. 
Many persons are surprised to learn that hecaee plywood paneling 
can be economically applied to low-cost housing. A word of expla- 
nation may be helpful in this connection. Building contractors have 
always realized that, as a general rule, the greater the combination of 
materials to be installed in a house the greater the labor cost. When 
a house is nearing completion there is usually a lengthy waiting 
period before the carpenters can go ahead with the laying of floors 
and the installation of doors, trim, and finish, because water (from 
rain or snow, or introduced into the house by certain building 
operations) which has been absorbed by the wood framing, subfloors, 
wood lath, or other wood items must be allowed to evaporate. Some- 
times it takes several weeks (depending upon the weather) for the 
water to evaporate. “In a moderate-sized six-room house approxi- 
mately 1,000 gallons of water are used” in the plastering type of 
construction.® This general delay in construction results in additional 
costs, which must eventually be borne by the home buyer. Further- 
more, strong and durable hardwood plywood walls and ceilings 
result in a decided reduction in maintenance charges, since plywood 
is crack-proof and mar-resistant. 

Owing to the range of constructions available in hardwood ply- 
wood and the latitude in costs which various types of faces provide, 
panels can be used in installations varying from exceedingly low-cost 
housing projects to the finest residential interiors. Where walls or 
ceilings are to be finished with paint or enamel, stipple or other 
textural treatment, or with wallpaper, low-cost hardwood panels 
are highly suitable. When taste or design requires natural wood 
finishes, hardwoods present decorative possibilities of practically un- 
limited scope and unending variety. Each installation is distinctive; 
for, as no two trees are identical, no installation can be exactly 
duplicated. 

The application of panels can be varied from the simple funda- 
mental nailing of 14-inch thicknesses direct to studs, to the pains- 
taking erection of 1% ¢-inch panels over furring strips accurately 
leveled off. While both types of installation are practical and sound. 
the latter will produce a more substantial and more nearly perfect 
job. The impression prevails that fine hardwood plywood interiors 
are beyond the means of the average family. This is no doubt true 
where cabinetmakers have resorted to unusual artistic embellishment 
to simulate period rooms with fluted columns, raised panels, and 
handsome carvings. However, comparatively inexpensive yet nat- 
ural, rich-looking interiors can be achieved by dependence upon the 


® Wood Handbook, U. S. Forest Products Laboratory (1935), p. 208, 
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inherent beauty of the wood itself. Joints may be butted close or 
covered with moldings, as the taste of the.decorator suggests. Many 
prefer the open “V” joint. 

Where an especially tight and strong butted joint is desired, the 
following method has been used with considerable success. First 


ar 


Figure 33.—Portal to living room of apartment. Panels are crotch figure. 


nail to each stud a thin strip of plywood whose face grain runs at 
right angles to the face os of the decorative panel. The face 
panel should then be glued to this supplementary strip. Where this 
method of application is utilized, the nailing of the face panels is 
of minor importance, as the sole function of the nails is to hold the 
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panels in place until the glue has set. For this purpose, a good grade 
of casein glue is recommended. es 

Where panels are applied direct to studs or furring strips, it is 
advisable to fasten them with nails or screws—sized to correspond 
to the thickness of the face panels used. Where 14-inch face panels 
are used, fourpenny nails should be driven on 6-inch centers around 
the edges of the panel and on 12-inch centers on intervening studs 
or furrings strips. Thicker panels generally have rabbeted edges 
and are blind screwed or nailed to the supporting structure (studs or 
furring strips). 


Figure 34.—Reception room in Mellon Institute. Paneled walls are a gracious tribute to 
the dignity of the institution. 


In fine cabinet work the installation is designed and constructed 
in sections in the cabinetmaker’s shop. These are then assembled 
and set on location. On this type of work, the hardwood-plywood 
mill frequently works from plans, and numbers each panel so that 
perfect harmony of figure and color may be maintained in the finished 
installation. 

With the exception of installations requiring raised panel effects, 
there is almost unlimited latitude of design in the manipulation of 
cornices, moldings, overlays, beadings, chair rails, and baseboards. 
Where raised effects are required, hardwood-plywood panels must 
be made to architects’ designs. 

Curved effects may frequently be produced from standard hard- 
wood plywood where the specified arcs are on moderate radii; but, 
as with raised panels, when sharp curvatures (such as columns) are 
needed, Late must be made in forms. 

The development of ceilings from plywood presents further 
aspects of unusual economy. For this purpose it is necessary to use 
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panels of only 44-inch thickness, owing to the fact that the wear and 
tear on overhead surfaces is negligible. Where such ceilings are 
installed, it is advisable to butt-joint panels over supplemental fur- 
ring strips and glue them as previously described. Despite the 


Figure 37,.—The cord ype distinguishing this furniture store’s front are over 26 feet in 
length. They are laid with waterproof glue, set in mastic, and finished according to speci- 
fications developed for airplanes. 


deflection normally encountered in frame-construction spans, this 
type of installation is crackproof, practically immune to movement 
of any type, and therefore requires a modicum of maintenance. 
The carpenter who makes a hardwood plywood interior installa- 
tion requires no special tools or special skill. This is, indeed, car- 
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pentry in its simplest form. Of course, fine craftsmanship will 
always show on a job, but eminently satisfactory work can be pro- 
duced by any competent carpenter, whether or not he has had 
previous experience in installing hardwood plywood. 

For the remodeling of standard construction, resorted to in resi- 
dential building, hardwood plywood may be installed directly over 
plaster walls. If provision is made for grounds, the installation of 
hardwood plywood panels is somewhat simplified ; otherwise, the 
wall should be furred out with strips 1 by 2 inches or 1 by 3 inches to 
take the paneling. Basements and attics may be finished similarly 
at moderate expense. 

When consideration is given to the fact that the large sizes in 
which hardwood panels are available substantially reduces the amount 
of material which must be handled, that the handled units are sub- 
stantially larger, that there is less cutting and consequently less 
waste both of material and labor, the economy of paneled walls and 
ceilings is obvious. When consideration is given to the beauty of 
hardwood paneling finished to emphasize the delicate coloring and 
beautiful grain of the wood, the indirect value of hardwood plywood 
in residential construction is equally clear. 


FURNITURE AND CABINET MANUFACTURE 


Furniture and cabinet manufacture provides hardwood plywood 
with one of its major markets, yet it is in this field that misunder- 
standing on the ne of the consumer has given rise to the miscon- 
ception that solid furniture is oniets or more expensive. Some of 
the finest furniture manufactured in the United States is produced 
from plywood. 

It is essential that the public understand that, while some cheap 
plywood furniture is made, plywood furniture, in itself, is not cheap. 
As with any other manufactured product, some articles are not up 
to Pepa bs but the technique of plywood manufacture has so 
pay os that the percentage of poor manufacture is now extremely 
small, 

The word “veneer” unfortunately has a deprecatory ring in the 
ears of the educated and the uneducated alike. The secondary mean- 
ing of the word, as expressed in dictionaries, has, through some 
peculiar twist of thinking, come to supplant the primary meaning. 
Veneer is specifically a thin, fine covering. Its function is not to 
cover something base; its use is not as a subterfuge: Veneer is a 
precious embellishment. Only through thorough understanding of 
modern plywood manufacture on the part of the general public 
can this unfortunate misconception be overcome. 

The plywood panels of which a good piece of furniture are com- 
posed give that piece stability and durability. The hardwood ply- 
wood table top or bedstead is not likely to twist and warp. Most of 
the finely figured wood used for the faces could not be fabricated 
except from veneers. Symmetrical designs can be produced only by 
matching veneers. As previously stated, many fine woods in the 
form of burls, crotches, and stump could hardly be utilized at all 
except by manufacture into veneers. 

_ In producing veneered furniture, the function of the face veneer 
is definitely not to cover an inferior wood. Instead, the wood used 
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Figure 38,—Serpentine fronts on chest, vanity, and bench demonstrate a smart application 
of plywood to modern furniture design, 
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beneath the face veneers really supplies to the completed panel struc- 
tural qualities lacking in the face veneers but essential to the integrity 
of the panel. The straight, even, firm texture of the woods used 
under the face veneer for cross-banding and core are as important 
to the panel as are the face veneers themselves. The one lends 
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Figure 39.—Air conditioner, designed for offices, homes, and sick rooms. This unit, with 
hardwood plywood exterior, readily blends with surrounding furnishings. 


beauty; the other lends stability. By combining both, a thoroughly 
reliable, serviceable, and beautiful result is attained. 

It is to hardwood plywood that the radio manufacturer turns for 
the exquisite cabinets in which his sets are enclosed. The selection 
of this material is due not only to the beautiful designs possible in 
hardwood plywood, the exquisite fancy veneers, the rounded corners 
and edges, but also to the fact that wood has acoustical properties 
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which add to the tonal qualities of the instrument. The weight of 
the radio chassis is easily supported by the plywood cabinet, and the 
material is impervious to the constant vibrations set up by the loud 
speaker. Fancy grilles over the speaker are, despite their fragile 
appearance, really substantial, as the laminations of the hardwood 
plywood from which they are made brace each delicate thread of the 
fretwork. 

In the manufacture of furniture and cabinets from hardwood 
plywood, considerable value is placed by the manufacturer on the ex- 
cellent ability of plywood to hold the nails and screws with which the 
article is joined together. Because fastenings hold so tightly in ply- 
wood, their number and size can be reduced, and at the same time 
lighter weight and greater rigidity can be developed. 


FIXTURE MANUFACTURING 


To improved methods of plywood fabrication the modern wood- 
fixture industry largely owes the progress it has made in the past 20 
years. Without the wide diversity of woods and their availability in 
large plywood panels, store and office fixtures, as they are known today, 
would be practical impossibilities, and design would be subject to 
suffocating restriction. 

Chief among the markets of today’s fixture manufacturer are the 
great store-modernization programs now being carried out in all parts 
of the country. Merchants have come to realize that the setting in 
which they show their wares is quite as important as the wares them- 
selves. As a consequence, many of the Nation’s leading designers 
and architects have been called on to apply their genius to the prob- 
lems of converting old-fashioned store interiors into the beautiful 
and comfortable shopping centers which modern merchandising re- 
quires. The success of their efforts is aptly demonstrated in the at- 
tractive and agreeable atmosphere in which customers find repose, 
despite the demands which shopping makes on nerves and muscles. 

The heavy, baroque style of a past generation has given way to 
streamlining. The flexibility of design which the hardwood plywood 
panel offers makes the transition not only possible but easy. Ply- 
wood has a definite place in every step of store modernization. Wall 
cases, counters, floor tables, fitting rooms, lounges, and restaurant and 
cafeteria tables made of hardwood plywood are better looking and 
far more durable than their massive predecessors. 

Where the store fixtures of 20 years back were necessarily restricted 
toplain, low-cost woods, from which massive pieces had to be fabri- 
cated in order to give them the stability which constant use required, 
the modern store interior is designed with practically no restrictions 
other than those of utility and beauty. The wide range of color and 
texture found in most hardwoods provides the designer with atten- 
tion-compelling material with the “feeling” he needs for adequate 
expression of his ideas. 

The plywood mill’s ability to produce panels of almost unlimited 
size has played an important part both in the appearance and in the 
structural unity of large installations. The application of curved 
panels to store-fixture work has had the fourfold benefits of extra sta- 
bility, beauty, space economy, and customer safety. The elements of 
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Figure 40.—Beauty-shop fixtures are harmoniously designed in hardwood plywood. The 


elicate figure in the wood is in keeping with the nature of the business for which the 
installation was made. 


gy 


Figure 41.—Department-store escalator surfaced with hardwood panels. Natural wood fin- 
ish adds to the atmosphere desirable for high-class shopping centers. 
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space economy and safety are of special importance, as aisle accessi- 
bility is greatly enhanced by the elimination of sharp counter corners, 
which, in turn, lessens the possibility of injury to customers. 

In new work, as well as in modernization and remodeling, hardwood 
plywood plays a part of supreme importance. Large quantities of 
beautifully figured woods are used in the construction of booths for 
beauty shops and of booth backs and seats for restaurants and cafe- 
terias. Special constructions have been engineered for counter fronts, 
so that panel movement may be minimized despite the absence of 
solid wall anchoring which is characteristic of this type of installa- 
‘tion. No longer is there any excuse for rickety counters. Counters 
or bars may be built to any length with full assurance of their 
permanence. 

Plywood simplifies the construction of “built-ins” in both residen- 
tial and commercial work. Bank fixtures have an air of dignity and 
stability thoroughly in keeping with the tone of the institution of 
which they form a part. In store-window backs, designers have 
evolved unique settings, remarkable not only for their handsome 
appearance but for the flexibility of merchandise display which they 

ermit. The construction of openings is greatly simplified, as the uni- 

formity of panel surface strength permits the designer unlimited 
latitude. 

One factor in fixture manufacturing which has emphasized the 
value of fabrication with hardwood plywood panels is the possibility 
- of unit manufacture. The strength of plywood in all directions, plus 
its unusual ability to hold fastenings, makes it possible to build fix- 
tures in sections which can be assembled or taken down with a mini- 
mum of labor. Thus, changes in layout can be effected economically, 
or displays can be rearranged to meet varying conditions. Display 
units can be conveniently crated for shipment. Chain stores find it 
decidedly economical to plan fixture units to be fabricated in advance 
and installed with few, if any, modifications in a new location. 

Various novel devices for joining units have been marketed, run- 
ning the gamut of ingenuity and price from bolts with washers and 
wing nuts, to highly complicated but exceedingly efficient unions 
producing almost unnoticeable butt joints. 

With the progressive adoption of plywood in the fixture field, there 
has been an increasing application of engineering knowledge to the 
problems it presents. The results have become evident not only to 
fabricators but to their customers, who can now contract for installa- 
tions with positive assurance of their permanence, from both their 
structural and their visual aspects. 


SPECIALIZED FIELDS 


Although architecture and the manufacture of radio cabinets and 
furniture provide the largest markets for hardwood plywood, the 
unique structural qualities of laminated sheets have led to a steady 
expansion of their use into many other highly specialized fields. 
Aircraft. 

Notable among these specialized fields is that of modern aircraft. 
When the airplane was new, it was constructed almost exclusively of 
plywood. With advances in metallurgical engineering and the pro- 
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duction of new, lightweight metals, the all-metal plane gradually re- 
placed the plywood plane. This was due fundamentally to the fact 
that, at that time, chemists had not solved the problem of producing 
completely waterproof glues for use in plywood fabrication. The last 
few years—with the advent of the hot-press resin adhesive—have seen 
a gradual return to plywood in aircraft, largely because of the facts 
that plywood planes can be manufactured at low cost and that modern 
. plywood has structural advantages. Plywood at its best is stronger 
per pound of weight than solid steel? Plywood construction re- 
quires no special and expensive tooling beyond the tools and ma- 
chinery found in the standard woodworking shop. Electrolytic 
action and excessive vibration do not cause wood to “tire.” Ply- 
wood does not sustain static electricity; it does not corrode; and there 
is no electrolytic action in the fibers of the wood. In plywood, the 
cross-grain construction offers a resistance to fracture which may in 
an emergency mean the difference between life and death. Aircraft 
plywood is being used for floor boards, struts, fuselages, wing cover- 
ings—indeed, throughout the construction of modern aircraft, parti- 
cularly on custom-built planes. 

Automobiles, Cars, and Marine Construction, 

The use of plywood for floor boards, bodies, and seat backs in au- 
tomobile, trolley-car, railroad-car, and truck-body construction, has 
made it possible to effect substantial savings in fuel consumption by 
decreasing dead weights without loss of strength. 

For pleasure and racing boats, both power and sail, which are not 
subject to the construction regulations of the Bureau of Marine 
Inspection and Navigation, there has been a rapid trend toward hard- 
wood plywood for cabin partitions and bulkheading. In such boats 
the full advantages of the strength and beauty of hardwood plywood 
are utilized. Owing to the fact that plywood develops structural 
strength in all directions, it is especially ideal for bulkheads. Cer- 
tain types of hardwood plywood have proved suitable for decking 
and plaskikg in speedboats. Builders of racing shells for oarsmen 
have developed far stronger, but lighter, craft with plywood. 

In marine construction subject to the regulations of the Bureau of 
Marine Inspection and Navigation, hardwood veneered panels™ are 
allowed for Class A-I and Class B bulkheads, providing special 
noncombustible materials for cores, other than wood, are employed. 
Wood veneers not exceeding two twenty-eighths of an inch in thick- 
ness, including cross-banding, may be used except for corridor or 
passageway sides. Thus, for staterooms and similar enclosures on 
large ships, it is possible to take advantage of the decorative and 
companionable qualities of wood. 


Miscellaneous Applications. 

The trend of modern architecture toward flat surfaces has created 
a vogue for flush doors. These have been produced with many types 
of centers, most of which rely on hardwood plywood exteriors for 
their beauty, stability, and durability. 


10 Veneers and Plywood, Knight and Wulpi. Ronald Press Co., N. Y., 1927. 
™ Bureau of Marine Inspection and Navigation, Circular Letter No. 277, of December 
19, 1939, Bulkhead Construction and Insulants. 
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Figure 42.—On this modern yacht, deck house and all interior trim are of hardwood ply- 
wood bonded with phenolic resin. The material has been molded into compound curves to 
give the streamline effect necessary to high-speed craft. 


Figure 43.—Hardwood-plywood interior of modern yacbt. 


Plywood bonded with phenolic 


resin can be used afloat with perfect assurance that there will be no separation of plies 
from moisture or from the humid heat encountered when cruising in tropical waters, 


— 
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Figure 44.—Much of the lightest and most durable airplane luggage relies for its strength 
primarily on the hardwood plywood used in its construction. 


ee 45.—Hardwood plywood meets the exacting demands of modern transportation, as 
llustrated by this truck body. Aside from its attractiveness, hardwood-plywood construc- 
tion combines to best advantage the unusual strength properties of wood. 


56 AMERICAN HARDWOOD PLYWOOD 


For cornice panels, curved panels, and counter fronts—important 
factors in architectural installations and fixture manufacture—special 
constructions have been developed to meet required stresses. 

Special laminated constructions have also been devised for the 
fabrication of artificial limbs, bobbins, die-boards, and gunstocks— 
all having the same fundamental characteristics of extra strength 
coupled with lightness of weight and the elimination of material waste 
in fabrication. 

In the sign-painting field, hardwood plywood has attracted consid- 
erable attention. It provides a split-proof surface with fine painting 
properties. The saving in weight greatly simplifies sign hanging. 

A limited amount of plywood has been introduced into the sport- 
ing-goods field. Tennis rackets, lacrosse and hockey sticks, tobog- 
gans, skis, and surfboards are being made of this material, and a 
constant chain of experiments foreshadows much wider use. 

Practically all games and toys which require flat surfaces, or which 
— produced by jig-sawing, are being manufactured of hardwood 

wood. 
E n trunk and luggage manufacture this exceedingly thin and light- 
weight material has proved ideal for side walls and for compartment 
divisions. Much of the lightest and most durable airplane luggage 
relies for its strength primarily on the hardwood plywood used in 
its construction. 

Advantage has been taken of the ability of wood to stand molding 
in the production of woodenware in the form of trays and plates of 
hardwood plywood. These are practically indestructible and also 
possess unusual eye appeal. 

While many varied industries have already found hardwood ply- 
wood indispensable, the field for its specialized applications is broad- 
ening steadily. The unlimited range of variations in panel construc- 
tion gives hardwood plywood a use flexibility of wide appeal to the 
industrial designer. 


WHERE AND HOW TO BUY PLYWOOD 


Hardwood plywood can be readily obtained in face, wood, figure, 
thickness, size, and ply suitable for any purpose. Large warehouse 
and manufacturers’ stocks are immediately available. Many local 
retail lumber or building-material dealers carry limited stocks or will 
quickly obtain your requirements for you. 

The kind of hardwood plywood to specify will be determined by 
the use to which it is to be put. Panel faces obtainable range from 
highly figured (such as curly, mottled, broken stripe, swirls, burls, 
and crotches) to straight stripe, plain stripe, and comparatively 
plain or flat grain. Additional beauty is often obtained from the 
many woods by working them into designs of various combinations 
of grain and color. 

Having determined the figure of the face desired, the color wanted 
can be obtained by selecting the proper kind of wood; although 
color can be obtained in the finishing, and not infrequently is varied 
when desired. 

Three-ply and five-ply are most commonly specified. As three-ply 
construction is stronger than a board of equal thickness, and much 
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more strongly resists distortion from any cause, so is five-ply stronger 
than three-ply. The greater number of plies for a given thickness, 
the greater the strength. Your local building-supply dealer will be 
glad to advise you. Data: are also available in the tables included 
herein under “Engineering Data.” 

If the conditions under which you plan to use the plywood are more 
than normally damp, itiecretl glue should be specified, which will 
permit the iivwoon to be soaked in water without deterioration of 
the glue. 

Shea most generally stocked range from 36 inches wide by 48 to 96 
inches long. Panels wider or narrower, longer or shorter, are obtain- 
able, but there is a price advantage in buying the sizes most commonly 
used. ; 


EXPORT TRADE 


The volume of hardwood plywood exports is very small despite 
the acknowledged superiority of the American-made product. Def- 
inite data are not easily available, since official export statistics, as 
published in Foreign Commerce and Navigation of the United States, 
do not segregate hardwood plywood. Exports for 1937, however, 
are estimated at about 1,800,000 square feet valued at $120,000; Can- 
ada, United Kingdom, Mexico, and Latin American countries were 
the principal destinations. Europe has derived most of its plywood 
from the Scandinavian countries, Latvia, Poland, and Russia. 

Foreign plywood technique is quite different from the American. 
The foreign product is usually manufactured in squares about 60 by 
60 inches, whereas American plywood is usually oblong. Few Euro- 
pean factories produce completely finished plywoods faced with finer 
woods. This is usually done by the fabricator—the furniture and 
cabinet maker—often by hand. Birch and alder are the predominant 
European woods used, although finer imported woods may sometimes 
be used for the face veneers. The structural and quality require- 
ments abroad are not so exacting as those demanded by the American 
trade, although the per capita consumption is many times that in the 
United States. 


ORGANIZATION OF THE INDUSTRY 


Because of the close relationship between the manufacturer of 
veneer and plywood it is desirable to review briefly the trade asso- 
ciations covering these two branches of the industry. Although a 
number of hardwood plywood manufacturers produce a large part 
of their own fancy face-veneer requirements, it is important to note 
that in general the production of fancy veneers is a separate and 
distinct industry. The hardwood plywood industry and furniture 
manufacturers are the principal consumers of face veneers. 

The trade associations representing these industries have been in- 
strumental in creating greater harmony and a better mutual under- 
standing of their basic problems. The associations have offered a 
ready means for the exchange of information leading to improvement 
in quality of manufacture. They have rendered great assistance to 
consumers in the selection of veneer and plywood best and most 
economically suited for each purpose. 
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PLYWOOD MANUFACTURERS INSTITUTE 


The Plywood Manufacturers Institute (located at 205 West Wacker 
Drive, Chicago, Ill.) was formed in 1938. The principal objective of 
the organization is to promote the general development and improve- 
ment of the industry. More specifically, the association is interested 
in maintaining and increasing the use of plywood in both domestic 
and foreign markets; in encouraging the development of such stand- 
ardization of the products as will be beneficial to the industry and 
consumers ; in encouraging the preparation and adoption of a code of 
business ethics and the elimination of unfair trade ractices; in col- 
lecting and disseminating such trade statistics as may be legally proper 
and beneficial; and in stimulating such engineering research as may 
benefit the producers and consumers of plywood. 


THE VENEER ASSOCIATION 


The interests of manufacturers and consumers of face and commer- 
cial veneers used in the construction of plywood are fostered through 
The Veneer Association (616 South ae ais Avenue, Chicago, IIl.). 
This association, founded in 1938, represents practically the entire 
hardwood veneer industry. The Veneer Association is national in 
scope and is devoted to the interests of wood veneer, regardless of 
species. 

Trade promotion for the benefit of the industry as a whole is the 
primary object of the association. It was organized to promote, fos- 
ter, and advance the interests of its members as manufacturers and 
distributors of veneers; to increase the use of their products; to im- 
prove the conditions under which the industry functions; to develop 
fair and just competitive methods; to collect and disseminate data 
necessary to the attainment of its objectives. 


SOUTHERN PLYWOOD AND VENEER, INC. 


The Southern Plywood and Veneer, Inc., consisting of manufac- 
turers of anion, plywood located in the Southern States from 
Virginia to Texas, was established in 1939. Although at the present 
time the organization (with offices in the Johnston Building, Char- 
lotte, N. C.) is concerned principally with problems arising from 
labor legislation, it is expected that it will eventually expand its 
activities along those lines of, and in conjunction with, the afore- 
mentioned associations. 


ENGINEERING DATA 
TENSION TESTS 


Table 1, following, shows the tensile strength parallel to the grain of 
the faces of three-ply wood of various common veneer species and the 
approximate strength of single-ply wood. The strength figures, given 
in pounds per square inch, correspond to the moisture contents listed. 
The test specimens used to obtain these values were 3 inches wide by 
12 inches long, the central portion being trimmed down to a width 
of approximately 1 inch. They were held by ordinary flat grips and 
were tested in direct tension to rupture. The tensile strength is the 
average stress over the section at failure. - 
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SHRINKAGE 


The shrinkage of plywood varies with the species, the ratio of 
ply thickness, the number of plies, and the combination of species. 
In order to obtain a general average, the Forest Products Laboratory 
ran several hundred shrinkage tests on varied combinations of species 
and thicknesses in which three-ply panels were brought from a soaked 
to an oven-dry condition. The species included in the tests were 
mahogany, birch, yellow poplar, basswood, red gum, chestnut, tupelo 
gum, elm, sugar (hard) maple, black walnut, Spanish cedar, and 
spruce. The average shrinkage from the soaked to oven-dry condi- 
tion was about 0.45 of 1 percent parallel to the face grain and 0.67 
of 1 percent perpendicular to the face grain, with ranges of 0.2 to 
1 percent and 0.3 to 1.2 percent, respectively. It is not unlikely that 
certain combinations of some other species may give wider ranges 


than these. 
- BENDING AND SPLITTING TESTS 


_ The results of the bending tests are given in table 3. The strength 
values correspond to the moisture contents given. As a rule, bending 
tests were made on specimens measuring 5 by 12 inches, althoug 
some of the thinner specimens were cut to a length of 6 inches. The 
pieces were loaded as a column, with the greater dimension vertical. 
In half of the tests the grain of the faces was parallel to the direction 
of application of the load, and in half it was perpendicular to it. 
The ends of the test specimens were rounded in approximately a 
semicircle. Deflections were measured at the center of the panel. 
The product of the load and the corresponding deflection was 
recorded as the bending moment. Like the modulus of rupture in 
bending, the column-bending modulus is not a true stress existing in 
the fibers at the instant of failure. It is merely a measure of the 
magnitude of the external bending moment that a piece of plywood 
can withstand before it fails. 

A comparison of the relative resistance to splitting of various 
three-ply panels will also be found in table 3. For splitting tests 
square pieces 314 by 314 inches were used. Upon the center of the 
test piece a conical spear was first dropped from a height of one-half 
inch. The spear was 8 inches long and 2 inches in diameter at the 
upper end and (with the shaft) weighed 11.22 pounds. Carrying 
the test piece upon its point it was then dropped from increasing 
heights until failure due to splitting occurred. The successive in- 
crement change in height of drop was one-half inch. 


SUMMARY TABLES ; 


The following tables were prepared by the Forest Products Lab- 
oratory. The results are based on tests of over 30 species. In gen- 
eral, 8 thicknesses of plywood, ranging from 4% to 4% inch, were 
tested. Most of the tests were on panels composed of three plies 
of equal thickness, with all plies of the same species and with the 
grain of successive plies at right angles. In addition, tests were 
made on plywood of various numbers of plies, having different ratios 
‘between core and total panel thickness, having the plies glued at 
angles other than 90 degrees with each other, and on plywood in 
which the core and the faces were not of the same species. 
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Table 1.—Tensile Strength of Plywood and Veneer 
[Data by U. 8. Forest Products Laboratory] 


Pe Oo 


Tensile F 
Tensile 
2 
Specific | Sttength strength 3 
+ Number | Moisture of three-pl a 
Species gravity | of of single-ply 
of tests at test plywood wood parallel veneer—115X 
% to grain of (d) 
faces 
Pounds per | Pounds per 
@) an ©) square inch square inch 
‘a e 
Ren an eet 8 eo Bre 120 9.1 0. 49 6, 180 9, 270 
Ash, commercial white__ : 200 10, 2 6, 510 9, 760 
Basswood-__-_._.._. ee 200 9.2 42 6, 880 10, 320 
DORON Sr ee ey eee el ee 120 8.6 - 67 13, 000 19, 500 
Biteh, yeuow soc: Sto 2723022 oe ro 200 8.5 - 67 13, 210 19, 820 
115 13.3 41 5, 200 7, 800 
115 9.1 56 8, 460 12, 690 
Sos) ABO Be 
5 ; 10, 
113 8.0 45 6, 160 9, 240 
Dinmgiae Ark soe te 2 So Ee 200 8.6 48 6, 180 9, 270 
WTOC eects. eco e ee 65 9.4 62 8, 440 12, 660 
Elm, American (soft)... ....------ 160 8.9 52 5, 860 8. 
PONE Sool hae cet osc eet Uh 24 8.5 40 5, 670 8, 510 
[ei A ES a Se oe 8 ORES Bs OR 8 ih 35 10.6 54 6, 960 , 
GPMEANNEI se. . tar ce eee 80 10.3 - 50 6, 260 9, 390 
Gum, red__.. 182 8.7 54 7, 850 11, 780 
HAGEDORN VC. yas. cake ies 80 _ 10.2 . 4 6, 920 10/380 
119 9.7 47 6, 800 10, 200 
8.8 . 58 9, 220 13, 830 
20 12.7 52 5,370 8, 060 
af Ika | "S300 "9,380 
‘ - 4 3 ), 580 
120 8.9 . 57 8, 180 12, 270 
192 8.0 . 68 10, 190 , 
115 9.3 . 59 5, 480 8, 220 
195 9.5 . 64 6, 730 10, 100 
110 8.0 42 5, 580 , 300 
40 5.4 42 5, 720 8, 580 
105 9.7 42 4, 770 7, 160 
Bprece, Sitka. 552) on le se 121 8.3 42 5, 650 8, 480 
Sycamore___._. 163 9.2 56 8, 030 12, 040 
alnut, black_ 110 9.1 - 59 8, 250 12, 380 
Yellow poplar B 155 9.4 - 50 7, 390 11, 080 
Wages apeches see tensa ann 33 7.3 49 2, 210 3, 320 


pe inal computation.—To obtain the tensile strength of three-ply wood consisting of two 40-inch 
birch faces and a 46-inch basswood core: Parallel to faee grain=2X }40X19,820= 1,982 pounds per inch of 
width; perpendicular to face grain=1<146X10,320=645 pounds per inch of width. This computation neg- 
lects the tensile strength of the ply or plies perpendicular to the grain, which is comparatively small, and 
the results are therefore slightly in error. 


1 Specific gravity based on oven-dry weight and volume at test. 

2 Based on total cross-sectional area. 

5 Based on assumption that center-ply carries no load. Data based on tests of three-ply panels with all 
plies in any one panel same thickness and species. 

4 Probably black cherry. 

5 Probably Eastern cottonwood. 

6 Coast region. 

Hite white fir. 

§ Probably black gum. : 

9 Probably evergreen magnolia, 

10 Probably Khaya species, 

11 Probably tanguile. 

12 Probably silver maple, 

18 Sugar or black. 


AMERICAN HARDWOOD PLYWOOD 


61 


Table 2.—Comparison of Strength of Three-, Five-, Seven-, and Nine-Ply Yellow 
Birch Plywood, All Plies of Same Thickness in Any One Panel 


[Data by U.S. Forest Products Laboratory] 


Column-bending ae 
Aver | Aver "| a onoe of |: Num- modulus Tension 
ats age age Be 
Number of plies specific] mois- total panel | ber of 
gravity!| ture thicknesses} tests |— 

Paral- |Perpen-| Paral- | Perpen- 

lel? dicular?) lel dicular 
Lbs. per| Lbs. per| Lbs. per| Lbs. per 

Percent Inch sq. in. | sq. in. | sq. in. | sq. in. 

Three ply... i. 55552. 0. 67 8.5 | 340 to 36 195 | 16,000 | 3, 200 | 13,210 | 7,700 
Five ply __-_. . 66 12.3 | 548 to S40 60 | 11,780 | 5,320 | 12,700 | 8, 680 
Seven ply__ 67 12.7 | sto Ke 55 | 11,490 | 6,190 | 11,860 | 9, 150 
Nine ply... -22--.2.5. -70 18.9 | %48 to %6 25 | 8,150 | 5,830 | 10,140 | 8,140 


Ratio of 

average 
splitting 
resistance 
to three- 
ply birch, 

of same 
thickness 


Percent 
100 
183 
235 
342 


1 Specific gravity based on oven-dry weight and volume at test. 
2 Parallel and perpendicular refer to direction of grain of faces relative to direction of application of force. 
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GLOSSARY 
[Some of the more common terms used in the plywood and veneer industry] 


Back.—The veneer sheet on the underside of a plywood panel, corresponding 
in thickness, frequently in wood, to the face veneer on the upper, or exposed 
surface. 

Burl.—A type of figure produced by cutting through burls, which are wartlike 
protuberances on trees. They contain the dark pith centers of a large number 
of undeveloped buds. 

Checks.—Small hair-line splits which generally occur only in finely figured 
crotches and burls, caused chiefly by strain produced in the seasoning. 

Core.—The center stock of a plywood panel. 

Counter Fronts.—Lumber core plywood, usually twelve feet wide, the face 
grain of which runs vertically with the short dimension. 

Cross-Banding.—The veneer sheet between the core and the face veneer. Its 
grain runs at right angles to the grain of the core. 

Crotchwood.—Highly figured veneer produced from that portion of a tree 
where two limbs unite. 

Face Veneer.—The veneer sheet on the upper side of a plywood panel, Its 
grain runs parallel to the grain of the core and crosswise to the grain of the 
cross-banding in five-ply construction. 

Figure—Figure is the pattern formed by peculiar or abnormal arrangement 
of the elements within the tree; by reflected light caused by that arrangement, 
or by the exposure of the medullary rays. 

Flat Grain.—Refers to the grain produced in approximately tangential or plain 
eut veneers, 

Flitch—(a) A hewn or sawed log or a section of a log made ready for cutting 
into veneers by shaping up the edges, etc.; (b) after cutting, a complete bundle 
of thin sheets laid together in sequence ag they were sliced or sawn. 

Grain.—A rather loose term applied to the alignment and arrangement of 
cells and other elements of wood as it occurs in the living tree. 

Grain Character—The pattern produced by cutting through growth rings and 
exposing the layers of springwood (porous) and summerwood (dense) and of 
prominent vessels, thus producing a varying pattern. 

Half-Round.—A method of cutting veneer to bring out certain grain character, 
accomplished in a manner similar to rotary cutting except that the piece being 
cut is mounted, off center, on a “stay log,” a device that permits the cutting of 
the log on a wider sweep. 

Hardwoods.—General term used to designate the lumber produced from broad- 
leafed, or deciduous, trees in opposition to the so-called softwoods (those pro- 
duced by evergreen or coniferous trees). 

Heartwood.—The inner, matured portion of the tree, darker in color. 

Knots.—Cross section of a branch or limb whose grain usually runs at right 
angles to that of the piece in which it occurs, 

Knots, Pin—A knot less than one-fourth inch in diameter which obviously 
shows a distinct central portion, as distinguished from swirls. 

Lumber Core Construction—Plywood with core consisting of narrow edge-glued 
strips of lumber. , 

Ply.—A term that designates the number of layers or laminations of a plywood 
panel as, three-ply, five-ply, seven-ply, ete. 

Quarters——Quartered or striped wood refers to sheets where quartered grain 
predominates with little or no heart grain. Quarters are produced by removing 
the center (or heart grain) from the sheets, or by cutting quartered flitches. 

Rotary Cut.—A manner of cutting veneer by which the entire log is mounted 
centrally in a lathe and turned against a broad cutting knife which is set into 
the log at a slight angle. 

Sapwood.—The outer living portion of the wood in a tree. 

Sliced—A manner of cutting veneer by which logs or sawn flitches are held 
securely in a slicing machine and passed across a large knife which shears off 
the veneer in sheets. 

Stumpwood.—Obtained from the base or stump of a tree. Figured stumpwood 
occurs where the wood fiber is crinkled into wavy ripple marks during the process 
of growth. 
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Swirls—(a) The small spots developed by irregular grain adjacent to a pin 
knot, usually where the black center of the pin knot itself does not show, also 
described as a swirl or cat eye. These usually are but a fraction of an inch in 
diameter. (0) Irregular grain, usually surrounding knots or crotches. Small 
sheets with swirl figure are produced for overlays and smal] matched panels. 

Veneer Construction —Plywood made entirely of veneers. 
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